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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nickel-plated copper alloy lead frame 
to which die bonding equal to that performed to a silver-plated lead frame can be 
performed even in an atmosphere containing oxygen at a high concentration by 
adjusting the mirror reflectivity of the plated nickel to a specific value or larger 
and the sulfur content in the surface layer of the nickel to a specific depth to a 
specific value or smaller. 

SOLUTION: The mirror reflectivity of plated nickel is specified to >25% and the 
sulfur content in the surface layer of the nickel to a depth of 0.1pm is specified to 
<0.0005wt.%. Alternatively, the cobalt, palladium, or cobalt and palladium content 
of the outermost nickel is adjusted to 0.5-1 0.0wt.%. The thickness of the plated 
nickel is required to be ^0.5pm when, for example, the corrosion, thermal 
oxidation, and diffusion of copper are to be prevented and, usually, set at 2-5pm. 
In addition, in order to adjust the sulfur content in the surface layer of the nickel 
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to the specific value or smaller and mirror reflectivity to the specific value or 
larger, only the surface layer of the plated nickel is plated by using a nickel 
plating solution containing no brightener, etc. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The nickel-plating copper alloy leadframe for solder die bondings which 
the mirror reflectivity of nickel plating is 25% or more, and is characterized by the 
sulfur content in less than 0.1 -micrometer nickel being less than [ 0.0005wt% ] 
from a front face. 

[Claim 2] The nickel-plating copper alloy leadframe for solder die bondings 
indicated by claim 1 characterized by nickel plating of the outermost surface 
containing one side or the both sides of 0.5 - 10.0wt% cobalt or palladium. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention is in the condition of not performing silver 
plating, and relates to the nickel-plating copper alloy leadframe which has good 
solder die bonding nature, and is excellent also in the condition using the solder 
which does not contain lead in the high reducing atmosphere of an oxygen 
density especially at wirebonding nature about the nickel-plating copper alloy 
leadframe by which direct solder die bonding of the semiconductor chip is carried 
out to nickel plating. 
[0002] 

[Description of the Prior Art] Conventionally, in order to obtain a good solder flare, 
silver plating was performed to the front face on which solder die bonding of the 
copper alloy leadframe is carried out. And although it is carried out in the 
reducing atmosphere containing nitrogen gas or hydrogen in order to prevent 
oxidation of the leadframe by the heat at the time of solder die bonding like a 
semi-conductor erector Since a good solder flare is obtained even if silver plating 
cannot oxidize easily, and the oxygen density in an ambient atmosphere is high 
at 400 ppm or more so that it may mention later, About a silver plating copper 
alloy leadframe, the oxygen density in a semi-conductor assembly ambient 
atmosphere is not made into a problem, and examination is not enough added 
about an oxygen density. 

[0003] It was possible to omit silver plating and to, make direct solder die bonding 
nickel plating on the other hand than a productivity drive and the viewpoint of a 
cost cut. Hereafter, it touches briefly per that trouble with the conventional 
technique about this technique. First, when making direct solder die bonding 
nickel plating, in order to obtain a good solder flare, compared with the case 
where the oxygen density in reducing atmosphere is soldered to silver plating, it 
needed to control low (for example, 100 ppm or less), and this caused a cost rise. 
[0004] The copper alloy leadframe which performed oxidation-resistant nickel 
plating containing P (Lynn) or B (boron) to JP,62-291951,A as a technique which 
omits silver plating and carries out direct die bonding to nickel plating is shown. 
However, if P and B were contained, since nickel plating became hard, 



workability would fall and punching processing after plating would become 
difficult, it needed to galvanize, after processing a leadframe configuration and 
productivity was bad. Moreover, although a nickel-plating copper alloy leadframe 
which the heating value which a leadframe receives by high density integration of 
an electrical part is increasing, and is excellent in thermal resistance was desired 
recently, nickel plating containing P or B had the problem of generating solder 
exfoliation, when long duration heating was carried out after soldering. 
[0005] Moreover, as solder used for solder die bonding, solder (Pb-5%Sn and 
Pb-5%Sn-1.5%Ag etc.) with a lead content high until now is used. Although there 
is an advantage that melting temperature is high and this kind of solder has 
cheap cost, use of the tin system solder (Sn-9%Zn, Sn-5%Sb, and Sn-5%Sb- 
0.5nickel, Sn-8% Bi, etc.) which prevents the environmental pollution by lead 
recently, or does not contain lead corresponding to-izing orientation whenever 
[ low-temperature / like an erector ] is increasing. However, the solder flare of the 
tin system solder which melting temperature not only differs, but does not contain 
lead in lead content solder and the tin system solder which does not contain lead 
to old nickel plating which the growth rate of an alloy layer differed from the 
diffusion condition, and was chosen by the evaluation approach using the 
conventional lead content solder (Pb-Sn eutectic system solder ****) was bad. 
[0006] And although enlargement of a semiconductor chip and a pellet is 
progressing recently, in order to carry a large-sized thing, solder flare nature is 
good and the leadframe which can control solder thickness and a solder flare by 
churning etc. is needed. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention relates to the technical 
amelioration which omits the silver plating described above and carries out direct 
die bonding to nickel plating. Specifically Also in the ambient atmosphere (about 
400-1000 ppm) where an oxygen density equivalent to a leadframe with silver 
plating is higher than the viewpoint of a cost cut, solder die bonding is made and 
productivity also obtains a good nickel-plating copper alloy leadframe, And it is 



good, control of solder thickness or a solder flare is possible, and the solder flare 
of the tin system solder which does not contain lead aims at obtaining the nickel- 
plating copper alloy leadframe which is excellent in solder die bonding nature. 
[0008] 

[Means for Solving the Problem] Even if a nickel-plating copper alloy leadframe is 
a leadframe which lessened oxidation of nickel like JP, 62-291951, A mentioned 
previously, it has the problem that the solder flare on the front face of nickel 
plating is inferior to silver plating, in semi-conductor assembly Rhine for 
leadframes with silver plating. Although, as for the thing with a worse solder flare 
than silver, nickel was generally considered to be natural, as a result of this 
invention person's considering wholeheartedly the cause that a solder flare falls 
in above-mentioned Rhine, when the oxygen density contained in a semi- 
conductor assembly Rhine ambient atmosphere was high, it checked that a 
solder flare fell. 

[0009] That is, although the nitrogen gas (reducing atmosphere) which contains 
hydrogen 5 to 20% is used in order that the ambient atmosphere in semi- 
conductor assembly Rhine for leadframes with silver plating may prevent 
oxidation of the copper of a leadframe cutting plane, or a solder ball, according to 
investigation of this invention person, in this nitrogen-gas-atmosphere mind, 
about 400-1000 ppm oxygen is contained by atmospheric contamination. And 
although the nickel-plating copper alloy leadframe obtained from the usual gloss 
Watts bath shows a solder flare with the oxygen density good in 300 ppm or less 
in reducing atmosphere, if an oxygen density exceeds 300 ppm, a solder flare 
will begin to fall and solder will hardly spread in 500 ppm. 
[0010] On the other hand, in the reducing atmosphere which contains hydrogen 
about 10%, even if it contained about 1000 ppm oxygen, it was checked that 
there is little oxidation of nickel and it turned out that the cause of a solder flare 
fall is not in nickel itself. And as a result of this invention person's repeating 
examination further, it traced that the cause of a solder flare fall in a nickel-plating 
front face was the effect of the minute impurities contained in a nickel-plating 



coat. Components, such as a brightener by which these minute impurities are 
added by the nickel-plating bath, and a homogeneity electrodeposition agent, a 
stress relaxation agent, make the operation which reduces a solder flare, when it 
is incorporated in a nickel-plating coat and an oxygen density is high also in 
reducing atmosphere. 

[001 1] This invention is made based on the above-mentioned knowledge, the 
mirror reflectivity of nickel plating is 25% or more, and it is the nickel-plating 
copper alloy leadframe for solder die bondings characterized by the sulfur 
content in less than 0.1 -micrometer nickel being less than [ 0.0005wt% ] from a 
front face. In this copper alloy leadframe, a solder flare becomes much more 
good because nickel plating of the outermost surface contains one side or the 
both sides of 0.5 - 10.0wt% cobalt or palladium. 

[001 2] In this invention, the sulfur content of a less than 0. 1 -micrometer nickel 
layer was made into less than [ 0.0005wt% ] in the depth direction from the nickel 
front face for forming solder and an alloy layer, an oxygen density crawling solder 
in a high ambient atmosphere, if the sulfur element incorporated by the nickel 
layer from a brightener etc. in a part with a depth of less than 0.1 micrometers 
from the front face which affects a solder flare exceeds 0.0005wt(s)%, and a 
solder flare falling. The contact angle on lead loess solder (solder which does not 
contain lead), and the front face of nickel becomes small, a solder flare becomes 
good and by making a sulphuric content into less than [ 0.0005wt% ] in this part 
shows the outstanding solder die bonding nature. 

[0013] Moreover, in this invention, mirror reflectivity of nickel plating was made 
into 25% or more for making good control of wirebonding nature, resin weld flash 
removal nature, and a solder flare. That is, although wirebonding joins a lead to a 
chip using a supersonic wave using alloyed wires, such as gold, and aluminum, 
copper, as for junction dependability, the one where a leadframe front face is 
smoother also tends to perform control of a solder flare with the solder rod at the 
time of solder die bonding so good that a leadframe front face is smooth. In 
addition, smoothing on the front face of a leadframe has mirror reflectivity and a 



correlation, and expresses smoothing with this invention with mirror reflectivity. 
[0014] In this invention, even when nickel plating of the outermost surface 
contains one side or the both sides of 0.5 - 10.0wt% cobalt or palladium, and the 
oxygen density in reducing atmosphere is high, a solder flare becomes still better. 
Here, if there was little effectiveness of addition and it exceeded 10.0wt%, while 
the workability of a nickel-plating coat would fall, the cobalt and/or the palladium 
content in a nickel-plating coat were made into 0.5 - 10.0wt% for solder adhesion 
falling in total less than [ 0.5wt% ], when long duration heating was carried out 
after soldering. 

[0015] Thus, in this invention, while restricting the sulfur content on the front face 
of nickel, by specifying mirror reflectivity, the control nature of a good solder flare 
equivalent to silver plating and a solder flare is obtained also in the high ambient 
atmosphere of an oxygen density, and the nickel-plating copper alloy leadframe 
which was excellent at the die bonding nature by the lead loess solder expected 
to progress from now on can be supplied. 
[0016] 

[Embodiment of the Invention] In the copper alloy leadframe, 0.5 micrometers or 
more of thickness of nickel plating are required in order to prevent copper 
corrosion, thermal oxidation, and diffusion, and it is usually given to the thickness 
of 2-5 micrometers. On the other hand, in order to make the sulfur content under 
nickel plating into less than [ 0.0005wt% ], there is a method of performing mat 
nickel plating which does not contain a brightener, a homogeneity 
electrodeposition agent, a stress relaxation agent, etc. at all, but when mat nickel 
plating is performed exceeding 0.5 micrometers, there is a problem that mirror 
reflectivity becomes 25% or less. Therefore, while making the sulfur content in 
less than 0.1 -micrometer nickel into less than [ 0.0005wt% ] from a front face so 
that it may specify to this invention, in order for mirror reflectivity to consider as 
25% or more, how to galvanize only the surface section using the nickel-plating 
liquid which does not contain a brightener etc., the methods (etching etc.) of 
removing only the outermost surface, after making the outermost surface 



condense sulfur with heating after nickel plating, etc. can be considered. 
[0017] When performing nickel plating to two-layer, in order that a substrate may 
prevent copper diffusion and may make a front face smooth, it is desirable to 
perform 1-5 micrometers of nickel plating of gloss or semigloss. If this is thinner 
than 1 micrometer, it may be unable to prevent copper diffusion by existence of a 
pinhole etc., and if it becomes thicker than 5 micrometers, not only productivity 
falls, but workability will fall. Moreover, in the leadframe to which bending is 
performed, it is desirable to perform about 2 micrometers of nickel plating of 
semigloss with sufficient workability. On the other hand, as for the upper plating, 
it is desirable to perform 0.1-0.5 micrometers of nickel plating which does not 
contain a brightener. If thinner than 0.1 micrometers, the fall of the solder flare 
under the effect of the impurity of a substrate cannot be prevented. Moreover, 
when it galvanizes thickly exceeding 0.5 micrometers, mirror reflectivity begins to 
fall, and surface smoothing falls (wirebonding nature falls). 
[0018] In addition, the surface hardness of a leadframe affects the workability of 
the lead section, and oxidation of nickel affects a solder flare. And the condition 
at the time of nickel-plating manufacture is manageable by measuring the 
oxidation state of surface hardness and nickel. For example, if the bath and 
plating conditions of nickel plating change, the amount of incorporation of an 
impurity and a brightener will change, and if a brightener increases, the surface 
hardness of nickel will become high. In this invention, Hv 200-450 of surface 
hardness is desirable. If surface hardness is smaller than Hv200, wirebonding 
nature will fall, and if Hv450 is exceeded, workability will worsen. Moreover, if the 
nickel oxide peak and nickel metal peak intensity ratio (Nioxide/Nimetal) by 
ESCA analysis will become high if it is influenced of the temperature of plating 
liquid, and desiccation conditions and cleanliness, and temperature becomes 
high or plating becomes dirty, and oxidation of nickel exceeds 1.0, a solder flare 
will fall. Although the oxidation at the time of storage of nickel hardly becomes a 
problem when an oxygen content carries out solder die bonding in reducing 
atmosphere 1000 ppm or less including hydrogen, few (Nioxide/Nimetal<=1.0) 



ways of oxidation of the nickel immediately after plating are desirable. 
[0019] 

[Example] Hereafter, the example of this invention is explained. 
0.3 micrometers of nickel plating to which mirror reflectivity performs 1.7 
micrometers of nickel plating which is 35% to the copper alloy leadframe material 
containing [example 1] Fe:0.1wt% and P:0.03wt% of high conductivity, and does 
not contain sulfur in it after that were performed. ************ processing was 
performed after plating and the copper alloy leadframe with the mirror reflectivity 
and the sulfur content (sulfur content of a front face to 0.1 micrometers or less) 
which are shown in the examples 1-3 of Table 1 was obtained. In addition, the 
nickel-plating layer which does not contain sulfur was created on condition that 
40 degrees C of bath temperature, and current density 6 A/dm2 using the mat 
Watts bath in the example 1. In the example 2, it created using the sulfamic acid 
bath which does not contain a brightener, and in the example 3, the brightener 
was galvanized using the minute amount **** sulfamic acid bath, and the sulfur of 
the surface after heating was removed and created. Moreover, what was 
galvanized by the nickel sulfamate bath which added the brightener for the 
above-mentioned copper alloy leadframe material, the thing galvanized by the 
usual mat nickel-plating bath, and the thing galvanized by the usual gloss Watts 
bath were made into the examples 1-3 of a comparison, and each mirror 
reflectivity and sulfur content were measured. In addition, each plating thickness 
of the examples 1-3 of a comparison is 2 micrometers. 
[0020] 
[Table 1] 
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[0021] With in addition, the ratio of nickel oxide peak intensity [ in / the surface 
hardness of the copper alloy leadframe of an example 1 is Vickers hardness (10g 
of loads) Hv220, and / in oxidation of nickel / ESCA analysis ], and nickel metal 
peak intensity = (Nioxide/Nimetal) it was 0.7. 

[0022] These copper alloy leadframes were used, and solder die bonding nature 

was examined using tin system solder (Sn-3.5% Sb) in reducing atmosphere 

(nitrogen-gas-atmosphere mind containing 10% of hydrogen, and 700 ppm of 

oxygen), and wirebonding nature by the aluminium wire was examined. In 

addition, each test method in this example is as follows. 

(Surface hardness) According to JISZ2251, Vickers hardness number was 

measured from the nickel-plating front face in test load 1 0gf. 

(Mirror reflectivity) According to JISZ8741, incidence of the flux of light was 

carried out at 45 degrees, and the ratio to the incoming beams of a reflected light 

bundle was measured in specular reflection. 

(Solder die bonding nature) The solder (tin 96.5wt% and antimony 3.5wt%) ball 
which does not contain a copper alloy leadframe in the nitrogen-gas-atmosphere 
mind of 700 ppm of oxygen densities which contain hydrogen 10%, and does not 
contain lead with a diameter of 1mm after 1 -minute heating on a 320-degree C 
plate was carried, and the area in which the solder ball spread even after 10 
seconds was measured without flux nothing and churning. 
(Wirebonding nature) Wirebonding (bonding time amount: 100ms, 250g of loads, 
UV output 5.5W) by the ultrasonic (pulse 60kHz) seal-of-approval method was 



performed at 25 degrees C among atmospheric air using the aluminium wire 
(99.99%, Annealed) of 5mil (125 micrometers). Subsequently, the joined 
aluminium wire was cut in right in the middle, the junction condition of 2nd weld 
junction that the aluminium wire was joined to the copper alloy leadframe was 
investigated (TSUIZA reinforcement), and it asked for the rate of wire fracture by 
the following formula. 

Rate (%) of wire fracture =(number / all trial numbers which carried out wire 
fracture) x100[0023] The result and evaluation of the above-mentioned trial are 
shown in Table 1 . in addition, in Table 1 , for O, it comes out, and it is and very 
good O is [ good x of evaluation of solder flare area ] the bad thing with which O 
is not filled 100% and x does not fill evaluation of the rate of wire fracture to 
100%. The oxygen density in reducing atmosphere is in 700 ppm and a high 
condition, the solder flare having no flux and good, i.e., the outstanding solder die 
bonding nature, was shown, and, as for 25% or more of mirror reflectivity of 
nickel plating, and the examples 1-3 with which the requirements which the sulfur 
content of a less than 0.1 -micrometer nickel layer specifies to this invention of 
less than [ 0.0005wt% ] are filled from a front face, wirebonding by the aluminium 
wire also showed junction dependability with the as high rate of wire fracture as 
100%. On the other hand, since the example 1 of a comparison has the high 
sulfur content, a solder flare is inferior in the high ambient atmosphere of an 
oxygen density, mirror reflectivity is low and the example 2 of a comparison is 
inferior to a rough **** cage and wirebonding nature in a front face. Since the 
example 3 of a comparison had the high sulfur content, it was inferior in the 
solder flare in the high ambient atmosphere of an oxygen density. In addition, 
control of resin weld flash removal nature or a solder flare was also difficult for 
the example 2 of a comparison. 

[0024] [Example 2] Here, it examined about the addition effectiveness (it 
corresponds to claim 2) of the cobalt (Co) or palladium (Pd) to nickel plating of 
the outermost surface. First, 1.7 micrometers of nickel plating which contains a 
brightener in the copper alloy leadframe material shown in [the example 1] were 



performed, and 0.3 micrometers of nickel (alloy) plating which contains this alloy 
element at a various rate were performed by the mat Watts bath which added Co, 
Pd, and Co+Pd on it, respectively. ************ processing was performed after 
plating and the mirror reflectivity of nickel plating obtained the copper alloy 
leadframe whose sulfur content of 0.1 micrometers or less is 0.0001 % from the 
front face 30%. The surface hardness of this copper alloy leadframe was Vickers 
hardness Hv1 15. 

[0025] The following point performed the workability test with the trial of solder 
die bonding nature to this copper alloy leadframe in the way shown in [the 
example 1]. 

(Workability test) It asked for the count of bending until it repeats, and carries out 
bending (0.5mm of radii, 90-degree bending) of the lead section to forward hard 
flow and fractures it to it. 

[0026] The result and evaluation of the above-mentioned trial are shown in Table 
2. in addition, in Table 2, evaluation of solder breadth area is the same as [an 
example 1], and good x of O is [ evaluation of the count of repeat bending ] bad -- 
it comes out. The examples 4-7 with which the requirements for claim 2 of 
containing one side or the both sides of 0.5 - 10.0wt% Co or Pd are filled have a 
large solder flare area in the ambient atmosphere where an oxygen density is as 
high as 700 ppm, and there are also many counts of repeat bending. That is, 
solder die bonding nature was very excellent, and the property that few falls of 
workability are also was shown. On the other hand, since a diffused-junction rate 
with solder was slow, the degree of an improvement of solder flare area was 
small, since the example 4 of a comparison has few contents of Co, and the 
examples 5 and 6 of a comparison had the high content of Co or Pd, the fall of 
workability was accepted. In addition, the fall of solder heatproof detachability 
was also accepted in the examples 5 and 6 of a comparison. 
[0027] 
[Table 2] 
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[0028] 

[Effect of the Invention] The nickel-plating copper alloy leadframe of this invention 
shows the tin system solder which does not contain lead, and good wetting, and 
a semi-conductor erector shows the solder die bonding nature which the solder 
flare equivalent to a silver plating article could be obtained without flux, solder 
flare control was also more possible than nature and the inner oxygen density 
excelled [ control ] also in the high ambient atmosphere. Furthermore, it has an 
aluminium wire and good wirebonding nature, and also there is also no fall of 
workability and productivity and the property excellent in workability are shown. 



[Translation done.] 
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4 Srv ^tt^oti/^tW 0 i < , (±^tJ¥^(± 
0 y b n-;^nItgT", f^t*^>f tf>T 

* yymzmxh- v *T)vtb -> % u - h 7 y- a 

[0008] 

[iSM^P^-rsttoco^g] - >y ^to-o #ffl^#y 

-K71/-AI1 Mf«flBS6 2-2 9 1 9 5 1 
^&f8<0 i o \z- -y "TJVOMAYA'yts: < Lt U - K 7 V 

~j±xfc~>xi>. »^i#iy-F7W^ift 

jS^' 0 ^iBto o § J; 0 t V ^ S . - «y ^/b 

^ffiWI»lSH&iJE^MLt$SS, ^2»#cffli:7^ y 

mm%Mz^t tth mmm&tfis^mz , (±^tte^ o 
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[0 0 0 9] -ffth-h, M*b~o%H% V-¥7U-J±m 

D4oo-iooopp mmmommtf 

■y # U - K y U-I.XU , is7C»HM4i 

cvwmmmtf3 o o p pmtiTTi^ff^^WQ 

* H§H?ftg# 300p P m^a^l»fc (i/t*9ft 

# 0 tfffiT , 5 0 0 p p mX'liil t ^ Z\$A,t£& 

[0010] 1 0%|i®7]<^^#^3S7C«HM* 

T"«. 1 OOOppmg^fiS^^rLT^Tfc. - 
•y TVl^OlHb^^ d t #«I!83*U HX*fJ&&* 9 ffi 
T^MHtf- v *r)V&mzfo h <nx\i% ^z\t ifift -> 

77L* -5 § HffiT^i/tfcW 0 fgT^SHtt , - «y 7" 

zmwz^ttimmmm^mxh&z t 
zm%±*btz, .imm^mm. ->y 771^6 

[ooii] *%wte±.immzm^x%$titzi><7) 

Xfo *} , - >y # Oitffi^It*^' 2 5 %&±.T$) 

0 , 0 . 1 ;u miil^c?)- >y ^/l^tf ^)«SI*W* 

# 0 . 0 0 0 5 w t %OTT"$> 3> d i: £ =f#S "f & HX 
^'-f *>r -f V^ffl- -y 77l^> o # Ifl^A 'J - K 7 !✓ 
-AT- 1) So ;<0jH^AU-H7U-AtfeV^(i, ft 
f|fflO->y77W6^#'0. 5—10. 0wt%«aA' 
;!/ hX(±^°7^ A^-^X(i^*^##tS - 1 XU 

[0012] ^wmzts^x, -v^ivmrnfr^m^ 

0 . 1 u mW$<F>— >y TvWI^KI^lmS: 0 . 0 
0 0 5wt%JilTfc LfctfXi, (i/Uffc^Jf^TTM 
L , (i/Wf|fc&* 0 fci«&JJTflffi;&^$ 0.1// 

Oii^tLSfiSESTcS^O. 0 0 0 5wt%IIil,t 1 

mkTthtzibXfoh . £ ^atfl-fcii ^T«Stf>&£» 
£0. 00 0 5wt%iilTtt-|>;fctJ; , 9. 

[0 0 13] ttz. ^ftPMZ&^X . -v^/Wb-^CD 



m^x^vTb h<7)xhhtK m&m 

[0 0 14] *^ttJv^T. MI^7 7-/»-9| 
#0. 5—10. 0wt%(^a/i)] / bXt l &'<7=J i yj±(D 

^A^M^^-ltt'O . 5 — 10. 0wt%tUc« 

(i. o . 5 w t %&.Txnmim<D%m^ < , 1 o . 

0wt%^li^t-7 7-;^ o & ft|»0Jnxtt*HfiT 

[0015] i<0i -5 ->y ^/^ffiO 

[00 16] 

-•y^fto^7;JJ^(ii^JtAtWL Kt^^K± 
0 . 5 ju m£Lbe«^* 0 , fi® 2 - 5 ^ m 
«0JPStJfi$ilTV^. -S", --y^AboS tiffin 
^*M^0 . 0 0 0 5wt%J2iTfc-f Sfcftfcli, 

o^*0. 5xun^aiTffl^fcSiHSIW^'2 5%iil 

SH* 1 ^ 0 . 1 ju miil^T)" -y ^4^»^ 
W*^ 0 . 0 0 0 5 w t %JilTfc^S bbUz. MMK 

[0017] --y77W6-5§£ 2ilWf 5±l^, Tffiii 

iu&*ljumj:"9ffv^f:tf if t i 0 iHO 
f£»*Hf±t#=SrV^***0. 5/umj:DJ¥<^Sfc 

tz , ffltf KWJLfm htil U - H 7 U-ATti , JnittO 
i V «?K(7)- -y o # Sr 2 ju mggff a cWSi 
— _hJfOA6-o^(i;3te^lry^^^ : 5:^"-y^ 



(4) 
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tb-j^ZO. 1 — 0. 5jumffi-fCOftm£ U\ 0. 1 

[ooi8]^, u-vyu-^mmm$iiu~¥ 

®<7)M-T.mz%m&5-x. , - -y ^/POiHtiiJi/^W 

a»* A^rt l , <^t-7 
mm<%&« ^mmza^xu. ii«iuHv2o 

0-4 5 0#>'Si U\ i!SI^'Hv2 0 0 i O'JvS 

utv^fwyf^ y ^WffiT L, Hv450£ii 
^otlft-.^ »^ tESC A#flf h — v*r 

i\m<Mv-9 1~ v A r)v±mv-?m.&it ( n i oxid 

e/N i metal) #ft<&9, 1. 0 £ t ULtM 

& o #flrp$-s . ym^mm^m^ iooo PP 

ft-3#li:fl:^--y^-;I/C?)iS{t(i^^ (Nioxid 



e/N i metal g 1 . 0 ) JjiPStt U\ 
[00 19] 

[UttWl ] Fe : 0 . lwt%fcP:0. 0 3wt% 
I»'3 5%^7y-/W'»l&l. 7ummL, %z0~) 

fc. bb-o^mzxfyvyymxzmi. mi^mmm 
i - 3 iz^-tmmmmRx/m.M^M: < im> t o . 

1 u m&TtfflK3t#W* ) £ i) offl^ U - H 7 V-J± 

StflJlTliil^V'y M§£fflUT^S4 0°C, «SEffi 
J86A/ d m2 Lst . mm 2 T"(±3KM'J 

^^u;i-7r5 ywtmzm^ximi . mm3 
- h 7 v-i,mmzitmmm^Ltz^}V7 r s 

- .y jr/t^-cft -5 # L£i<7X jl^<7)*^- >y ^ 
/Wb o § *&t«> o S Lfc i (7) , atqifttftftiRy >y h & 
Tfto & L£ «, «9£ifc«W 1 — 3 t L. ^^imolM 

tfMb~> § iPfilvfix 2 ju mT* £ . 
[0020] 
[HI] 















(%) 


(w t %) 


(mm 2 ) 


(%) 




30 


0.0001 


2.3 © 


100 o 


2 


30 


0.0001 


1.9 O 


100 o 


3 


32 


0.0003 


1.8 O 


100 o 


lt«M 1 


30 


0.0006 


1.0 x 


100 0 


2 


20 


0.0001 


1.7 O 


80 X 


3 


40 


0.0018 


1.0 X 


100 o 



[0021] mmmi^m^u~V7]y~A(^ 

iMS$ah"7^-XfI(I110g) Hv2 2 0T' 

Bt^b-^^Sfc~'y^#«b-^^JS^ibT- ( N 
i oxi de/N i metal ) = 0 . 7 X"h -> tz , 

[0022] z\ti^m^u-V7]y~^mmi-. 

MTtWm^ (*«1 0%tKfS7 0 0 ppm^#^a 
«#X»H$0 £tiVvt, j8Jfi(^«f (Sn-3. 5% 
Sb) ^fflUT(±^^#>TV y^tt^Klfct. S 

T"fel> 0 

(^ffi^S ) J I S Z 2 2 5 1 fcp t , gCH?^S 1 0 g 

f - v ysvtb -> % mm ± o f v ^-x® § ^iis l 



(MHRIW) JISZ8741«t. 4 5ST"^ 

& Ait l , Mmmiz&vixmytmcoMmmzm- 
ummitz. 

1700 p pm<7)M*^.X|i:lim*^T. ffl-^U-h* 
AS 3 2 OWTlz-bit" 1 ^ilift^, Hfi 1 
mm^{i^i^TO'(i9 6. 5wt%, 7>f 
tV3. 5wt%) #-^Stfe^. a£ 
W%IX\ 1 0»«4tfc:tt^^-yki&«i£^^fcPS 

(y-fWyf'f y^tt) 5 mi 1 (125/im) W 
;l/S^>7A|l (99. 9 9%. Annealed) £ ffl 
^T, 2 S-CT-SWS (^/W6 0 kHz ) Ep 

nrstc i h 7 a w^f ^ y^ ( tf'yr ^ y^Wai : 1 

00ms. Sl2 5 0g, UVK715. 5W) 
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jt) , Tia^fci&w^KBr*****;. 

W^iM* (%) = (W^MfrUc^/£t»s 

it) x i o o 

[0 0 23] XfBlSiMSIIfciWl^fl 1 fc^rt. * 

fflttiO&l 0 0%. x#i 0 0%fciftfc2r^fc£>T& 
I). ^/Pft o # tOllffiRI^ 2 5 %£Lh, ftffi^t 
0.1// mlZlfoff)— v y)VM 0 . 000 
5 w t %I2TF U 0 § gft £ iWc-TSIM 

W 1 - 3 « . M^#HM4^1i«?!l8^ 700p P mt 

ooxkm^m^imm^ity ttf^jms 

# 0 0 . tf»J 2 iiftfflJxSl^'ffi < iSffi^fliiT 

^Tut. Srfc, itKM2(i»s-y^tt^(^ 

[00 24] [£;&fcffl 2 ] i ; Tli. ft^ffl^- v ^ 
ft-?#fc*ff Srm'/i/h (Co) Xii^i^A (P 
d) c^MH (i**E2K*tJS) fcowcajfcbfc. 

a -$\ [ Mmm i ] Kij? ut«£& u - f y v-Aim 

3KiRW££tr- ^Wb o S * l . 
«0±tCo, Pd, Co + P dSr-?-ixWiJllLfc|E3t 



3 0%. ftffi?5> A> 0 . 1 jjl m I^TOKff ^i^' 
0. 0 00 l%^g^iJ-K7l/-A^#t. ^ffi 

1 5T'{nto 

[00 2 5] ^^ffl^#y-K7^-i,tML. [SUfe 

Mi ] iz^LtzmmxUAsfzyA tfyrV y^'ttoiSii 

i: , Tummx'Mxitmm^i-o tz . 

(P<j¥&0. 5mm, 9 0° ffiff) L. 8SE»rfS£W) 

[0026] mmm<n^bmm^m2^t . =s? 

1] fc^ltT-fcO. SDiILffi(f0i£Of?«, 0**S 
t\ x#jgvv?£>S„ 0. 5 — 10. 0wt%^CoX 

ii p d (o-^xmxm^th t^o mm 2 m& 
*mtrtmm4^ 1 \± , bim^ 7oo PP mts 

tt. i-»l iiic ( >i7)^Wft^v^^^x ii/vZ-it^ 
/h§<. Jt«0<J5. 6{iCoX(±Pd^^r***Bv^ 

[0027] 
[^2] 







tt-WStt**'JB« 






(wt%) 


(mm 2 ) 






Co 0,5 


2.5 © 


5 0 


E3 


Co 5.0 


2.8 © 


5 0 


6 


P d 5,0 


3.0 © 


■5 0 


7 


Co 0.5 , Pd 5.0 


3.5 © 


5 0 




Co 0.2 


1.8 O 


6 O 


5 


Co 20.0 


4.0 © 


3 x 


6 


Pd 20.0 


4.0 © 


3 x 



[0 0 28] 



